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Figure 1: Solar signal using peak SSN compositing for a) SLP and b) SST (van Loon et al (2007) 5
Abstract We identify solar cycle signals in 155 years of global sea level pressure (SLP) and sea surface temperature (SST) data using a multiple linear regression approach. In SLP we find in the North Pacific a statistically significant weakening of the Aleutian Low and a northward shift of the Hawaiian High in response to higher solar activity, confirming the results of previous authors using different techniques. We also find a weak but broad reduction in pressure across the equatorial Pacific. In SST we identify a weak El Niño-like pattern in the tropics for the 155 year period, unlike the strong La Niña-like signal found recently by some other authors. We show that the latter has been influenced by the technique of compositing data from peak years of the sunspot cycle because these years have often coincided with the negative phase of the ENSO cycle. The date of peak annual sunspot number (SSN) generally falls a year or more in advance of the broader maximum of the 11-year solar cycle: analyses which incorporate data from all years represent more coherently the difference between periods of high and low solar activity on these timescales. We also find that studies of the solar signal in SST over the second half of the 20 th century may alias an ENSO signal if this is not properly taken into account .
We employ monthly datasets of SLP and SST and use a Multiple Linear Regression Analysis, incorporating an AR (1) • A very strong negative signal, similar to a cold event of ENSO, in tropical SSTs, with warming in northern mid-latitudes.
Are these true solar signals or an artifact of the method used ?
Is there a relationship between ENSO and SSN?
• A scatter plot of ENSO index vs. SSN (Fig. 4a) does not show any obvious relationship.
• But all peak SSN years, identified by boxes in Fig. 4b , fall into the negative ENSO index region (except 1905 and 1928 which are anyway comparatively less active).
• The composites of Meehl and co-authors (2, 3, 5, 6) used these peak years and hence find the cold event signal. • The solar cycle signal in SLP (Fig.2) shows a positive signal around the AL, as found by compositing (Fig 1a) ).
Solar cycle signals in SLP
• In the tropics the signal is different.
• The derived solar signal is unaffected by the use of different solar indices (e.g. TSI place of SSN).
• Compositing with respect to different reference levels (not shown) suggests: -the signal around the AL is robust, confirming an earlier study. 1 -elsewhere the signal depends on the reference level chosen.
Interpretation Figure 5: Monthly mean SSN (thin) and annual mean (thick curve). Vertical lines indicate year of peak annual SSN for each solar cycle.
• Peak SSN years normally occur at least 1 year before the peak of the broader decadal solar oscillation (DSO); this is true for all stronger cycles (Fig. 5 ).
• Analyses with data from all years, rather than only peak SSN, represent more coherently the difference between periods of high and low solar activity.
• A cold event occurring a year or two before the peak in DSO is likely to be associated with a warm event coinciding with the latter. Thus the tropical SST signal in Fig.3 b) is consistent with that in 1b) -but both are related to ENSO not the Sun. 
Results: Solar cycle signals in SST
• The solar cycle signal in 155 years of SST data is positive in mid-latitudes (but not significant) with a weak positive fingerprint in the tropical Pacific (Fig. 3a) ).
• The result is similar whether using the NOAA or HADSST2 dataset.
• Analysis using data for only the 2 nd half of 20 th century (as used by White 7 ) indicates a stronger positive tropical response (Fig. 3b) ). If, however, an ENSO index is included in the regression (not shown) this signal essentially disappears.
• There is no indication of the cold event-like pattern of Fig.1 b) . 
a) b)
• We identify solar cycle signals in DJF in the North Pacific in 155 years of SLP and SST similar to those found by Meehl et al (2, 3, 5, 6) . Our results, however, differ in the tropics: we do not find a cold event-like signal.
• Peak SSN years have often coincided with the negative phase of ENSO so analyses based on composites of peak SSN years find a La Niña response.
• Peak SSN years generally fall a year or more in advance of the broader maximum of the 11-year solar cycle and hence the peak of the DSO is likely to be associated with an El Niño-like pattern, as seen clearly in Fig 3b) and found by White 7 . During the 2 nd half of the 20 th century ENSO is aliased onto the solar signal if it is not properly accounted for.
• Our results are not consistent with the solar-climate mechanism proposed by Meehl et al 2 : the SLP signal in mid-latitudes varies in phase with solar activity, and does not show the same modulation by ENSO as tropical SST, which suggests that the solar influence here is not driven by the tropics.
• The robustness of any proposed mechanism for solar influence on surface climate needs to be analysed in the context of ENSO variability, where timing plays a crucial role.
For further details see Roy and Haigh (2010) 4 
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